Exposure of cultured primary rat astrocytes to hypoxia results in intracellular glucose depletion and induction of glycolytic enzymes.
Based on the neurotrophic properties of astrocytes in response to ischemia, the current work focuses on the mechanism for cultured astrocytes to adapt to a hypoxic environment. Intracellular glucose levels in primary cultured rat astrocytes exposed to hypoxia fell by 30% within 24 h, in parallel with a decrease in glycogen stores. Glycolytic metabolism was crucial for cell survival during hypoxia, as 2-deoxyglucose resulted in rapid ATP depletion and cell death. The mechanism for maintaining glucose levels under these conditions appeared to be mobilization of glycogen stores, rather than increased extracellular uptake of glucose, as gluconolactone (an inhibitor of beta1-4 amyloglucosidase) induced a rapid fall in cellular ATP in cultures subjected to hypoxia, whereas cytochalasin B was without affect. Addition of cycloheximide diminished the viability of astrocytes in hypoxia, suggesting an obligatory role of de-novo gene expression to respond to hypoxia. Consistently, the results of differential display suggested the induction of glycolytic enzymes, including aldolase A (EC 4.1.2.13), hexokinase II (ATP: D-hexose 6-phosphotransferase, EC 2.7.1.1), and triosephosphate isomerase (EC 5.3.1.1) in the hypoxic culture. Marked induction of these glycolytic enzymes in hypoxic astrocytes was confirmed by Northern blot analysis. These data provide a theoretical basis to understand the ability of astrocytes to tolerate ischemic condition.